Several techniques were used to investigate the chemical and phase composition of four trial batches of nitinol powder produced by calciothermic reduction as well as their morphology and granulometric composition. Almost all powders produced by a similar procedure contained an allowable amount of impurities and were practically free of minor detrimental phases such as Ti2Ni and Ni3Ti. The powders under study have gamma or lognormal particle size distributions and spongy particles morphology typical of this production method. The tap density over 3 g/cm 3 was achieved at least in one case, which gives us an opportunity to successfully produce bulk articles by subsequent treatments such as sintering or hot isostatic pressing.
Introduction
Nitinol is a well-known intermetallic compound that has a lot of potential applications in biomedicine, aerospace, petroleum industries and instrumentation. Its most useful functional properties, such as shape-memory eect, superplasticity and very high ductility, are provided by reversible martensitic transformation B2 ↔ B19 [1] . Unfortunately, NiTi has a relatively wide homogeneity region and its composition strongly inuences the martensitic transformation temperatures [2] , which greatly aects mechanical properties. It essentially restricts nitinol applicability because ingots produced by conventional metallurgical techniques exhibit perceptible uctuations in chemical composition and additional heat treatment is required in order to obtain homogeneous bulk materials with desired characteristics.
Powder metallurgy is an alternative way of article production that enables to achieve chemical homogeneity [1] .
The calciothermic reduction has proved to be a very perspective method of producing powder intermetallics including NiTi [3, 4] . The method has been known since the 1970s and at rst was developed to extract Zr, Th, and U from oxide ores and later to obtain intermetallic compounds [58] . But having a potential military application, the method was kept secret until recently and is now coming into wide use [3, 911] .
In the case of NiTi, the reaction of intermetallic formation can be written as
It occurs in the temperature range of 1000 ÷ 1200
• C and its mechanism was investigated in detail in [11] . The initial powder mixture of oxide, pure metal, and calcium * corresponding author; e-mail: sviridova@misis.ru Phase composition was evaluated by means of an X-ray diraction (XRD) analysis (Cu K α radiation with graphite monochromator, room temperature) and software package [12] with a built-in Rietveld analysis.
The powder morphology, microstructure and phase distribution within the powder particles were examined using scanning electron microscope (SEM) Hitachi S-3400
with energy-dispersive spectroscopy equipment.
Results and discussion
The chemical composition of the powders and a technical specication for an as-cast NiTi alloy of the most common brand TN1 are presented in (Table I) .
But in Ref. [14] , it was revealed that O-doped as-cast Table II . Batch I and IV seem to be the nest powders produced and, according to statistical analysis, have a gamma particle size distribution. Batch II shows bimodal distribution as well as batch III, where the main greatsize mode has an almost normal particle size distribution.
Batches I and IV, having similar distributions, dier in the average size. It suggests that the higher impurities Making a comparison of Fig. 4 and Table II , one can conclude that ner powders (batch I and IV) provide a higher density and an additional gain can be achieved for the powder with a wider size distribution (batch IV).
According to technical specication, a minimum residual porosity of the bulk articles can be attained if the tap density of the NiTi powder is not less than 3 g/cm 3
and only one powder batch IV complies with this requirement. Therefore, this powder is likely to be a good candidate for the following sintering or hot isostatic pressing (the details are seen in [15] ). The other batches can also be used in the fabrication of special materials
with a controllable open and closed porosity. Among them the values of martensitic transformation temperatures inuence the ratio of the monoclinic B19 and cubic B2 modications and may result in mechanical properties of nal bulk articles. Another property depending on the purity of CaH 2 reagent is average particle size: a high impurity content provides a ner powder.
The additional grinding used before a leaching procedure gives rise to a ner powder with a gamma distribution of particle sizes that permits to achieve the promising tap density 3.18 g/cm 3 suitable for the following bulk article manufacturing. Batches with lower tap density can be used in the fabrication of products with a controllable porosity.
